(19) 



J 



Europfilsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 694 203 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
15.04.1998 Bulletin 1998/16 

(21) Application number: 92911720.8 

(22) Date of filing: 11.05.1992 



(51) intci e: HOI F 7/08, H01F7/14, 
H02K1/04. H02K1/12, 
H02K7/00. H02K 7/10, 
H02K 11/00. H02K 21/12 

(86) International application number: 
PCT/US92/03907 

(87) International publication number: 

WO 92/20080 (12.11.1992 Gazette 1992/28) 



(54) ELECTRIC MOTOR, IVIETHODS FOR CONTROLLING AND ASSEMBLING SAME 
ELEKTROMOTOR, VERFAHREN ZUR REGELUNG UNO ZUM ZUSAMMENBAU 
MOTEUR ELECTRIQUE, PROCEDES DE COMMANDE ET DE MONTAGE 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 09.05.1991 US 696014 

(43) Date of publication of application: 
31.01.1996 Bulletin 1996A)5 

(73) Proprietor: NU-TECH AND ENGINEERING, INC. 
Lapeer, Ml 48446 (US) 

(72) Inventors: 

• SALMON, Michael, E. 
Spartanburg, SO 29302 (US) 

• EHLE, David, L 
Attica, Ml 48412 (US) 



ffl 

CO 

o 

CM 

iD 
O 

Q. 

lU 



• HOVIS, Jeffrey, G. 
Lapeer, Ml 48446 (US) 

(74) Representative: W.P. Thompson & Co. 
Coopers Building, 
Church Street 
Liverpool LI 3AB (GB) 



(56) References cited: 
US-A-3 110 830 
US-A-4135 119 
US-A-4 554 491 
US-A- 4686400 
US-A-4 955 791 



US-A- 3 970 980 
US-A- 4 358 694 
US-A- 4 682 065 
US-A- 4 890 027 



Note: Within nine nrK>nths from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 7S001 PARIS (FR) 



1 



EP 0 694 203 B1 



2 



Deserlptlon 

Technical Field 

The present application is related to electric motors, 
a controller therefor and methods for controlling and as- 
sembling the same and, in particular, to miniature elec- 
tric motors and a controller therefor and methods for 
controlling and assembling the same. 

Background Art 

Miniature electric motors that can be rotated be- 
tween fixed angles and held stationary at those fixed an- 
gles for a specified period of time are finding a wide va- 
riety of applications such as for driving needle indicators 
in meters and gauges. For such motors to find wide ap- 
plication they must have high performance, be relatively 
low cost, and have a compact construction. 

In the control of such motors it is desirable to main- 
tain the position of a rotor of the motor at a specified 
location for a specified period of time. A stepper motor 
uses electromagnetic detents to maintain a rotor at a 
desired location. Electrical energy Is added to cause the 
rotor to move past a magnetic hill. When the motor is 
deenergized, the rotor will settle and be maintained with- 
in a magnetic valley A stepper motor is therefore de- 
signed with these magnetic valleys located at the de- 
sired stopping positions. Thus, one drawback of stepper 
motors is the requirement of a large number of detents 
in order to allow the stepper motor to be held at a large 
number of positions. 

Another drawback of stepper motors is that as the 
motor settles in a magnetic valley, the motor shaft may 
vibrate before coming to rest at the desired location. 
This vibration could cause damage or excess wear to 
the motor or to a payload. 

A micro-stepper motor offers an improvement over 
the stepper motor In that it allows a shaft to be held at 
an indefinite number of positions. The micro-stepper 
motor operates by applying electrically orthogonal sig- 
nals to spatially orthogonal poles of a motor. By chang- 
ing the ratio of magnitude of the signals applied, the mo- 
tor can be moved to and held at any desired location. In 
order to hold the rotor at a desired location, however, 
electrical energy must be applied constantly. As a result, 
the performance of micro-stepper motors has been lim- 
ited by the requirement of a corresponding increase in 
applied electrical energy for greater restraining torques. 

These problems have been addressed by U.S. Pat- 
ent 4,890,027, to Bohner et al., which discloses a dy- 
namic motor controller for a low cost motor. The position 
control of the motor is accomplished by the use of an 
electronic braking apparatus, which includes a piezoe- 
lectric transducer for applying a braking force to the ro- 
tor. 

One attempt to surface mount a coil gauge mecha- 
nism is disclosed in Disclosure Number 30650, con- 



tained in Research Disclosure, October 1989. The 
gauge mechanism consists of surface mount coils and 
a permanent magnet spindle assembly. Attached to the 
spindle can be a dial pointer or other indicating device. 
s The coils have a high permeability core and are wound 
with insulated copper wire for the coil. The rotattonal po- 
sition of the spindle assembly permanent magnet is con- 
trolled by the amount and direction of electrical current 
in the surface mount coils. The mechanism is held in 
10 place by a bottom self-lubricating bearing and an upper 
bearing bracket. The upper bearing bracket also setves 
as a flux-containing package. 

Reference is also made to US-A-3970980. which 
discloses a rotary actuator comprising a cylindrical 
housing in which are cylindrically curved permanently 
magnetized poles spaced apart at their ends and sur- 
rounding a fixed armature. The armature has magnetic 
arms angularly disposed with respect to each other 
which define fixed poles. Coils wound on the fixed poles 
generate magnetic fields when energised, to drive the 
rotor. 

LIS-A-4554491 discloses a DC bmshless motor in 
which the stator has a central annular portion defining 
a central aperture, a plurality of winding core members 
extending radially from the central annular portion and 
a plurality of intermediate core members which extend 
radially from the central annular portion and are posi- 
tioned intermediate the winding core portions. A control 
circuit simultaneously excites all of the winding core por- 
tions and electrically reverses the exciting current as a 
function of the rotational position of the rotor 

Reference is also made to US-A-31 1 01 30, wherein 
the stator or rotor is energised to move the rotor into a 
free moving or breaking position. 

Summary of the Invention 

It is an object of the present invention to provide a 
low cost, light-weight, compact motor which is relatively 
easy to control. 

It is also an object of the present invention to provide 
a motor-controller combination which is low cost, effi- 
cient, compact and stable. 

It Is yet still another object of the present invention 
to provide a motor which can be surface-mounted on a 
substrate to provide a combination which is relatively 
easy to assemble using conventional automated equip- 
ment. 

A further object of the present invention is to provide 
methods for controlling and assembling such electric 
motors. 

In accordance with a first aspect of the present in- 
vention, there Is provided an electric motor for rotating 
a load to a desired angular position in response to a sen- 
sor signal, the electric motor including a stator assembly 
including a stator having a plurality of lobes, the stator 
including at least one coil wound about at least one of 
the plurality of lobes, each coil having a pair of input 
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leads; 

a rotor assembly including a magnet having a plu- 
rality of poles, and connecting means for etectricalty 
connecting the leads of the at least one coil to form 
an input temninal, the motor characterized by: 
the magnet being magnetized according to a mag- 
net flux profile having an amplitude which varies 
substantially sinusoidally with angular position, the 
magnet adapted to be coupled to the load and ro- 
tatably positioned relative to the stator assembly; 
and 

the rotor assembly rotating relative to the stator as- 
sembly in response to a substantially continuously 
variable electrical signal applied to the input termi- 
nal to angularly position the rotor assembly to any 
one of a plurality of positions independent of stator 
geometry, the angular position of the load varying 
generally linearly with the sensor signal. 

In accordance with a second aspect of the present 
invention, there is provided a method for controlling an 
electric motor for driving a load, the electric motor having 
a stator assembly and a rotor assembly for rotating rel- 
ative to the stator assembly, the method characterized 
by the steps of: 

providing a braking surface; 
providing the stator assembly with a magnetic per- 
meability center offset from its electromagnetic 
center; 

energizing one of the two assemblies with at least 
one substantially continuously variable electrical 
signal thereby producing an axial force between the 
two assemblies to move the rotor assembly away 
from the braking surface and producing a rotational 
force to rotate the rotor assembly to a desired posi- 
tion; and 

deenergizing the one assembly thereby allowing 
the rotor assembly to move against the braking sur- 
face to hold the rotor assembly at the desired loca- 
tion. 

In accordance with a third aspect of the present in- 
vention, there is provided a method of assembling a min- 
iature motor for accurately rotating a load to a desired 
angular position in response to a sensor signal to a sub- 
strate having electrical conductors formed thereon, the 
method including the steps of: 

forming a stator core from a plurality of laminations, 
the stator core having a plurality of lobes; winding 
at least one coil about an associated stator lobe, the 
at least one coil having a pair of leads; and charac- 
terized by the steps of: 

providing coil connector means positioned between 
the motor and the substrate, the coil connector 
means including a plurality of terminatk)ns; 



4 

electrically connecting the leads of the at least one 
coil to an associated coil connector means termina- 
tion; 

fixedly attaching the coil connector means to the 
substrate such that the coil connector means is 
electrically coupled to the electrical conductors; 
magnetizing a permanent magnet with a magnetic 
flux having an amplitude which varies substantially 
sinusoidally with angular position, the magnet sur- 
rounding the stator core; and 
providing a rotor including the permanent magnet 
surrounding the stator core for rotation relative 
thereto, in response to a substantially continuously 
variable electrical signal applied to the electrical 
conductors. 

The advantages accruing to the system of the 
present invention are numerous. For example, the mo- 
tor construction results In a low-cost, efficient and com- 
pact motor which is relatively easy to control. 

The above objects and other objects and features 
of the invention will be readily appreciated by one of or- 
dinary skill in the art from the following detailed descrip- 
tion of the best modes for carrying out the invention 
when taken in connection with the following drawings. 

Brief Descriptbn of Drawings 

Figure 1 is an exploded perspective view of an elec- 
tric motor of the present invention and an associat- 
ed substrate; 

FIGURE 2a is a schematic view of the coils of the 
motor shown in FIGURE 1 connected in a Delta con- 
figuration; 

FIGURE 2b is a schematic view of the coils of the 
motor shown in FIGURE 1 connected in a Star con- 
figuration; 

FIGURE 2c is a schematic view of the coils of the 
motor shown in FIGURE 1 connected in a Ground- 
ed-Star configuration; 

FIGURE 3 is a graphical illustration of a nearly si- 
nusoidal magnet flux profile for magnetizing the 
magnet of the motor shown in FIGURE 1 ; 

FIGURE 4 is a graphical illustration of coil drive volt- 
ages, plotted versus angular position, for the coils 
shown in FIGURE 1; 

FIGURE 5 is a partial plan view of an alternative 
stator assembly wherein there are fewer coils than 
stator lobes; 

FIGURE 6 is a graphical illustration of a nearly trap- 
ezoidal magnet flux profile for magnetizing the mag- 
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net of the motor shown in FIGURE 1 ; 

FIGURE 7 is a partial cross-sectional view of a first 
bearing embodinnent for use with the motor shown 
In FIGURE 1; 

FIGURE 8 is a partial cross-sectiona! view of a sec- 
ond bearing embodiment for use with the motor 
shown In FIGURE 1; 

FIGURE 9 Is a partial cross-sectional view of a third 
bearing embodiment for use with the motor shown 

in FIGURE 1; 
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lationship between sensor voltage and correspond- 
ing gauge position (') for the drive system shown in 
FIGURE 19; 

FIGURE 21 is a flow chart illustrating the main con- 
trol logic flow for use with the present Invention; 

FIGURE 22 is a flow chart illustrating the logic flow 
of a subroutine of the main control shown In FIG- 
URE 21; 

FIGURE 23 is a graphical illustration of the dead- 
band of the motor; 



FIGURE 10 is a partial cross-sectional view of a 
fourth bearing embodiment for use with the motor 
shown in FIGURE 1; 

FIGURE 11 is a view, partially broken away and in 
cross section, of an alternative embodiment of the 20 
motor of the present invention; 

FIGURE 12 is a view, partially broken away and in 
cross section, of still another embodiment of the 
motor of the present invention, adapted to be 2S 
mounted on the front surface of a substrate; 

FIGURE 1 3 Is a schematic block diagram of a first 
coil drive system shown for use with a motor con- 
structed in accordance with the present invention; 30 

FIGURE 1 4 is a schematic block diagram of a sec- 
ond coil drive system shown for use with a motor 
constructed in accordance with the present Inven- 
tion; 35 

FIGURE 15 is a schematic block diagram of a third 
coil drive system shown for use with a motor con- 
structed in accordance with the present invention; 

40 

FIGURE 16 is a graphical illustration of coil node 
voltages for use with the coil drive system shown in 
FIGURE 15; 

FIGURE 1 7 is a schematic block diagram of an al- 4S 
ternative 2-coil drive system for use with a motor 
constructed in accordance with the present inven- 
tion; 

FIGURE 18 is a graphical Itlustration of coil node so 
voltages for use with the coil drive system shown in 
FIGURE 17; 

FIGURE 1 9 is a schematic diagram for a basic pas- 
sive coil drive system for use with a motor construct- ss 
ed in accordance with the present invention; 

FIGURE 20 is a graphical representation of the re- 



FIGURE 24 is a flow chart illustrating the logic flow 
of another subroutine of the nnain control shown in 
FIGURE 21; and 

FIGURE 25 is a graphical illustration of ideal, un- 
damped and damped motor responses plotted ver- 
sus time. 

Best Modes For Carrying Out The Invention 

Referring now to Figure 1 , there is illustrated a mo- 
tor, shown generally by reference numeral 100 and with 
respect to a substrate such as the back of a vacuum 
fluorescent display (VFD) unit 102. It is to be understood 
that the VFD unit 102 is not Illustrated to scale. 

The motor 1 00 can be generally described as a sur- 
face-mountable, brushtess dc motor having a stator as- 
sembly shown generally by reference numeral 110. As 
shown, the stator assembly 110 includes an integrally 
formed stator 1 1 2 made of a ferromagnetic material and 
has a central portion with an aperture (not specifically 
illustrated) extending completely therethrough and 
three T-shaped equally-spaced, bbes or poles 114. In 
the preferred embodiment, the stator 11 2 is constructed 
of S AE 1 005 carbon steel. The stator 1 1 2 has a diameter 
of 0.33" and is 0.32" long. As illustrated, each lobe 114 
of the stator 112 includes a downwardly projecting 
mounting tab 116 which is received and retained on a 
corresponding pad 148 formed on the back of the VFD 
unit 102. 

As best shown in Figure 1 , three coils 118 are pref- 
erably wound on neck portions 120 of the lobes 114, 
thereby permitting the use of standard coil winding 
equipment. Referring now to Figures 2a-2c, the coils 
118 can be electrically Interconnected as a Delta con- 
nection, a Star connection or a Grounded-Star connec- 
tion, respectively. Each type of connection offers a dif- 
ferent level of motor control and efficiency. For example, 
a control voltage on any of the nodes A, B or C in a Delta 
connection affects all three coils, whereas a voltage on 
any of the nodes A, B or C in a Grounded-Star affects 
only one coil. Thus, it should be appreciated that the 
Grounded-Star offers the greatest level of flexibility in 
control strategy, and is more efficient than a Delta con- 
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nection. Of course, instead of being grounded, the con- 
nection of Figure 2c may be held at a predetermined 
reference level. The Delta connection of Figure 2a, how- 
ever, results in a higher torque for any given voltage. 
The torque can be as much as 50% higher for a similar 
voltage applied to the Star or Grounded-Star connec- 
tion. Additionally, the Delta connection is easier to man- 
ufacture since there are fewer terminations and the coils 
118 can be wound in a continuous fashion. In the pre- 
ferred embodiment, therefore, a Delta connection is uti- 
lized. 

Most preferably, each coil 1 1 8 is wound with approx- 
imately 150 turns of #38 AWG magnet wire, yielding a 
coil node resistance of approximately 5n when Delta 
connected. It should be appreciated that this construc- 
tion results in a very low-cost and compact stator as- 
sembly 1 1 0. Additionally, since each of the coils 1 1 6 has 
a ferromagnetic core, the magnetic fields created when 
the coils 118 are energized are amplified. Consequently, 
the stator assembly 110 and therefore, the motor 100, 
has a low power consumption and high torque. 

With continuing reference to Figure 1, a rotor as- 
sembly, shown generally by reference numeral 130, in- 
cludes a plastic cap 1 32, a magnet 1 34, an annular plas- 
tic ring 136 and a motor output shaft 138, all of which 
are secured together for rotation with respect to the sta- 
tor assembly 110. Preferably, the magnet 134 is a ce- 
ramic magnet having a height of 0.40", an inner diameter 
of 0.37" and an outer diameter of 0.62". Also preferably, 
the magnet 134 is magnetized through its diameter to 
produce North and South poles. To magnetize the mag- 
net 1 34, a nearly sinusoidal magnet flux profile, shown 
in Figure 3, was utilized. As illustrated in Figure 3, the 
magnet flux profile preferably has a pealc flux of about 
400 gauss (with an empty core). 

Referring now to Figure 4. to accurately position the 
motor, the following coil voltages V-, , and V3 are pref- 
erably applied to the coils 118: 

V,=SIN{X) (1) 



\/2 = S//V(X+l20") (2) 

and 

V^ = SIN(X+2A0^) (3) 

where "X''" represents the desired angular position from 
0* to 360**. Thus, by applying various combinations of 
drive voltages to the coils 118, the angular position of 
the motor shaft 138 is essentially infinitely adjustable. 

Coil voltages that are phase shifted by 120"* work 
welt the geometry of the coils 118. Although the drive 
voltages are shown to be generally sinusoidal, any other 



waveform, such as a square or triangle waveform, could 
be utilized. Preferably, peak drive current is approxi- 
mately 0.25A per coll 118. Use of these drive voltages 
with the motor 100 constructed as disclosed herein 
s yields output position linearity within 2°. 

Referring now to Figure 5, there is shown an alter- 
native stator 112 and coil 118 assembly, wherein the 
number of stator lobes 114, or poles, exceeds the 
number of coils 118 wound thereabout. In this preferred 
10 embodiment, as illustrated, two coils 118 are wound 
about the three-lobed stator 112 and electrically con- 
nected at node "B". Of course, the two coils could be 
wound about any two of the lobes. It should be noted 
that although a third coil is absent, a third stator lobe is 
IS required for magnetic balancing. 

The drive voltages for the stator/coil arrangement 
shown in Figure 5 are preferably sinusoidal in shape and 
phase shifted from each other by about 120', as previ- 
ously described with respect to the motor embodiment 
shown in Figure 1. Utilizing these drive voltages, the 
available angular sweep of the 2-coil embodiment re- 
mains a full 360**, although a reduced angular sweep is 
also possible. The torque delivered, however, is gener- 
ally non-uniform. The reduction in the number of parts 
due to the absent coil and the reduced manufacturing 
time results in a cost savings. The 2-coil embodiment is 
thus ideal for use in an application which requires a re- 
duced angular sweep, such as a fuel gauge in an auto- 
motive instrument cluster. 

Since some applications are best suited by a motor 
capable of producing a reduced set of output positions, 
or steps, the motor 1 00 may be constructed to provide 
such a reduced set of positions. For such an alternative 
application, the coils 11 8 are preferably wound about the 
stator lobes 114 with about 200 turns of #39 AWG wire, 
so as to yield node resistances of about lOn. The ce- 
ramic magnet 134 is preferably magnetized with an ap- 
proximately trapezoidal flux profile, shown in Figure 6. 
As illustrated in Figure 6, the trapezoidal flux profile has 
a peak flux of approximately 1350 gauss. 

Referring once again to Figure 1, the magnet 134 
is affixed to the plastic cap 1 32 on one face thereof and 
the plastic ring 1 36 is affixed to the other face of the mag- 
net 1 34. The output shaft 1 38 is formed on or otherwise 
attached to the plastic cap 132 at the end thereof. The 
output shaft 1 38 is sized to extend through the magnet 
134 and the plastic ring 136. Although the magnet 134 
is shown to be a generally cylindrical magnet, the mag- 
net could be constructed as a band or ring with a plurality 
of individual magnets disposed thereabout. 

With continuing reference to Figure 1. a thrust 
washer 140 is preferably positioned on the output shaft 
1 38 between the plastic cap 1 32 and the stator assem- 
bly 110. A pair of optional press-in bushings 122 and 
1 24 are also preferably positioned at the top and bottom 
of the stator 112, respectively, within its central aperture 
to help align the output shaft 138. In the preferred em- 
bodiment, when the motor 100 is assembled, the output 
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shaft 138 extends through the thrust washer 140, the 
bushing 1 22, the aperture of the stator 1 1 2 and the bush- 
ing 1 24. such that the magnet 1 34 surrounds, or is with- 
out, the stator 112 and the coils 118 supported thereon 
and immediately adjacent thereto. This construction 
provides a compact closed magnetic circuit with a small 
air gap. 

Due to the ferromagnetic nature of the stator 112. 
the magnet 1 34 generally centers itseW on the magnetic 
center of the stator, which is at or slightly before the cent- 
er of mass of the stator. This construction results in the 
motor 100 having an inherent, self-correcting position 
memory. This self -correcting feature allows the motor 
100 to correct for any positioning problems every time 
the coils 118 are energized. Thus, positioning inaccura- 
cies are remedied with the next position adjustment. Ad- 
ditionally, the motor 100 has a stable "off" (Le. unpow- 
ered) position. These features give the motor 1 00 an ad- 
vantage over stepper-type motors, which have Inherent 
positioning problems. 

In one preferred embodiment, a cap 142 encloses 
the assembled motor 1 00. As shown in Figure 1 , the cap 
142 includes a plurality of mounting tabs 144. thereby 
permitting the motor 100 to be surface-mounted on the 
VFD unit 102 or some other substrate, such as a circuit 
board (not specifically illustrated), with the output shaft 
138 extending therethrough as described below. The 
cap 142 is intended to function as both a magnetic flux 
concentrator for the magnet 134 and as a magnetic 
shield for the entire motor assembly, preventing external 
magnetic fields from adversely affecting motor perform- 
ance and is constructed of an appropriate steel. The cap 
142 serves the additional function of protecting the mo- 
tor assembly from the environment, such as dust, dirt 
and the like. 

Alternatively, an inverted cup-shaped cap 150, 
shown in phantom in Figure 1 , could be utilized in place 
of the cap 1 42 and plastic cap 1 32. In this preferred em- 
bodiment, the cap 1 50 is constructed of low carbon steel 
with the motor shaft 138 being formed thereon. Most 
preferably, the cap 1 50 is a unitary piece and is sized 
(e.g. 0.030" thick and approximately 0.500" long) to sub- 
stantially enclose the magnet 1 34 and stator assembly 
110 and the rotor assembly 130. Thus sized, the cap 
1 50 provides protection for the motor assembly from the 
environment. Primarily the cap 150 sen/es the dual 
functions of a magnetic flux guide and concentrator for 
the magnet 1 34, which is preferably press-fitted into the 
cap 150, and as an electromagnetic shield for the motor 
assembly, preventing external magnetic fields from af- 
fecting the performance of the motor 100. 

With continuing reference to Figure 1 , the output 
shaft 138 also preferably extends through a piezoelec- 
tric brake 146 and the VFD unit 102. A glass tube 152 
extends through the VFD unit 102, permitting the shaft 
1 38 to extend therethrough while maintaining the vacu- 
um within the VFD unit. When sized appropriately, the 
glass tube 152 also acts as a bearing to facilitate shaft 



rotation. Preferably, two conductive electrical traces 154 
located on the VFD unit 102 provide power and ground 
to the piezoelectric brake 146 and, in one embodiment, 
ground to the coils 118, thereby allowing the motor 100 

s and brake 1 46 to be accurately controlled, as described 
in greater detail hereinbelow. One of the traces 154 de- 
fines a power ring 156 and the other trace defines a 
ground ring 158 for the piezoelectric brake 146. The 
brake 1 46 is typically soldered to the rings 1 56 and 1 58. 

10 Three other traces 1 60 supply power to the coils 1 1 8. 
One of ordinary skill in the art could imagine many 
applications for the motor of the present invention. For 
many of these applications, the providing of electrical 
connections to the motor and the providing of a suitable 
bearing surface associated with the mounting or secur- 
ing of the motor 100 to a suitable substrate is of signif- 
icant Importance. Since the motor 1 00 is a low torque, 
small motor, friction is, of course, a concern. 

Referring now to Figure 7, there is shown a first pre- 

20 ferred bearing embodiment for use with the motor 100. 
As illustrated, the motor 100 is mounted on a substrate 
1 64. such as a circuit board. The substrate 1 64 includes 
a tube 1 66 which extends therethrough and receives the 
motor shaft 1 38. In the preferred embodiment, the tube 

25 166 is constructed of stainless steel, and has an inner 
diameter approximately 0.001 " larger than the diameter 
of the shaft 1 38 to provide a bearing surface. The inside 
surface of the tube 166 could be grooved to reduce the 
surface area contacting the shaft 1 38, thereby reducing 

30 the friction. A motor commutator 1 68 is fixedly attached 
to the substrate 164 by solder 171 or the like and in- 
cludes three segments, two of which are illustrated. The 
commutator 168 also Includes a plurality of coil termina- 
tors 172, each in electrical communication with an as- 

35 sociated commutator segment. The coil terminators 1 72 
are in electrical communication with the coil nodes A, B 
and C, only two of which are illustrated in Figure 7. In 
the preferred embodiment, a brake disc 170 is support- 
ed by the commutator. The brake disc 1 70 is constructed 

^0 of a low carbon steel, is 0.030" thick and has a 0.35" 
outer diameter. Preferably, the brake disc 170 and the 
stator (i.e. the stator lamination stack) are separated by 
a non-magnetic gap of 0.075". The brake disc 1 70 caus- 
es the magnet 1 34 to be displaced from its magnetic 

45 balance position by 0.020" with respect to the stator 1 1 2. 
By applying power to at least one of the coils 118, the 
stator 112 and magnet 134 are caused to re-aiign, free- 
ing the magnet 1 34 from the brake surface for rotation. 
Referring now to Figure 8, there is shown an alter- 
so native bearing embodiment for the motor 1 00. As shown 
in Figure 8, the motor 100 is mounted on a substrate 
1 64, such as a circuit board. Alternatively, the substrate 
1 64 could be a flex-strip, including electrical conductors, 
which is electrically connected to a circuit board 174, 

55 assuming proper support (not specifically illustrated) is 
provided for the motor 100. A stator shaft 1 76 provides 
support for rotation of the magnet 134 and the cap 150 
about the stator 1 1 2. The motor commutator 1 68 is pref- 
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erabty fixedly attached to the substrate 164 by solder 
171 or the like and includes three segments, two of 
which are illustrated. The conr^mutator 168 also includes 
a plurality of coil ternninators 1 72, each in electrical com- 
nnunication with an associated commutator segment. 
The coil terminators 1 72 are in electrical communication 
with the coil nodes A, B and C, two of which are illus- 
trated. As illustrated, a rotor support 178 includes a ring 
portion 1 80 which is preferably affixed to the cap 1 50 to 
provide proper alignment. The ring portion 180 includes 
a central aperture through which the commutator 168 
extends. The rotor support 178 also preferably includes 
an arm portion 182, which is formed on the ring portion 
180. Thus, the rotor support 178 (i.e. the ring portion 
180 and the arm portion 182) rotates about the motor 
axis "H". Although this construction provides a good 
bearing embodiment, the presence of the substrate 1 64 
restricts the rotation of the magnet 1 34 due to the arm 
portion 182. 

Turning now to Figure 9, there is shown another al- 
ternative bearing embodiment for the motor 100. As il- 
lustrated, the motor 1 00 is preferably mounted on a sub- 
strate 164, such as a circuit board. In this embodiment, 
a connector bearing assembly shown generally by ref- 
erence numeral 1 84 replaces the commutator 1 68 of the 
previous two bearing embodiments shown in Figures 7 
and 8. The connector bearing 1 84 includes a plurality of 
coil terminators 1 86 which extend through the connector 
bearing 1 84 from a point inside the motor 1 00 to the sub- 
strate 164. The coil terminators 1 86 are electrically con- 
nected to coil termination wires 188 which are thus in 
electrical communication with the substrate 164. The 
coil terminators 166 cooperate with the substrate 164 
so as to form either a surface mounting connection 
shown generally by reference numeral 1 90 or a through- 
hole connection shown in phantom generally by refer- 
ence numeral 192. A bearing cap 194 is affixed to the 
magnet 134 and the cap 150. In the preferred embodi- 
ment, the bearing cap 194 is constructed of Delrin and 
includes a central aperture through which the connector 
bearing 184 extends. The bearing cap aperture is sized 
such that the connector bearing 184 contacts the bear- 
ing cap, creating a bearing surface 196. 

Referring now to Figure 10, there is shown yet an- 
other alternative bearing embodiment for the motor 1 00. 
In this preferred embodiment, the commutator 168 pro- 
vides the bearing surface and the means through which 
the coils are electrically connected to the substrate 1 64, 
such as a circuit board. As in the embodiment shown in 
Figure 7, the commutator 168 is fixedly attached to the 
substrate 164 by solder 171 or the like and includes 
three segments, two of which are illustrated. The com- 
mutator 168 also includes three coil terminators 172, 
each in electrical communication with an associated 
commutator segment. The coil terminators 172 are in 
electrical communication with the coil nodes A, B and 
C, only two of which are illustrated in Figure 10. The 
stator shaft 176 extends through the commutator 168 



and the substrate 1 64. A generally circular shaped bear- 
ing cap 202 is affixed to the magnet 134 and the cap 
150 for rotation therewith. The bearing cap 202 is pref- 
erably constructed of Delrin and includes a central ap- 
s enure disposed therein through which the commutator 
168 extends. 

Referring once again to Figure 1 , the piezoelectric 
brake 1 46 is generally concave in shape in its "unpow- 
ered" state. Thus, the piezoelectric brake 146 is normal- 
10 ly biased against the plastic ring 136, i.e. the brake is 
nornnally "set', thereby preventing rotation of the output 
shaft 1 38 and any load attached thereto, (e.g. a pointer) 
after the load is in a desired position. When the brake. 
146 is energized, however, it deflects generally flat and 
IS away from the plastic ring 1 36, releasing the brake 146 
and freeing the output shaft 138 to rotate to a new de- 
sired angular position. 

Alternatively, braking of the motor 100 can be 
achieved without the use of the piezoelectric brake 146. 
Since the stator 112, as shown in Figure 1, has more 
magnetic mass on "top" than on "bottom", it therefore 
has a magnetic center located above its physical center. 
As described in greater detail above, the magnet 134 
centers itself around the magnetic center. 

Referring now to Figure 1 1 , an alternative motor em- 
bodiment is shown generally by reference numeral 208, 
including an alternative stator assembly generally indi- 
cated by reference numeral 210. The stator assembly 
210 includes an integrally formed ferromagnetic stator 
212 having a central portion with an aperture (not spe- 
cifically illustrated) extending completely therethrough 
and three generally T-shaped equally-spaced, lobes or 
poles 214. Each lobe 214 of the stator 212 has an inte- 
grally-formed, downwardly projecting magnetic leg 216 
which passes through or around a generally annular 
magnetically permeable base 218. The magnetically 
permeable base 218 has an axially projecting lip portion 
220 which cooperates with the rest of the magnetic cir- 
cuit to provide an essentially closed-loop flux path. The 
magnetically permeable base 218 is preferably posi- 
tioned centrically within and fixedly attached to a sub- 
strate, such as a circuit board 222. The legs 216 of the 
stator assembly 210 permit surface mounting to the cir- 
cuit board 222. This design results in the combined mag- 
netic permeability center of the assembly 210 and the 
base 218 to be located at a position, labeled as "D", be- 
ing below its electromagnetic center, labelled as "E" in 
Figure 11. 

With continued reference to Figure 11, when the 
coils 118 are not powered, the magnetic permeability 
center "D" of the stator 21 2 and magnetically permeable 
base 218 causes the center of magnetism in the magnet 
1 34 to seek the level "D". Before the magnet 1 34 reach- 
es level "D". the magnet 134 contacts brake element 
224 and stops at level "F". The surface of brake element 
224 can be textured or the material can be selected to 
achieve coefficient(s) of friction as desired. If the mag- 
netic base 218 were not present, the magnet's center of 
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magnetism would be attracted only to the stator 1 31 and 
the magnet would tend to seek level 'E". 

With the magnetic base 218 in place as shown in 
Figure 11, the magnet 134 will move "down" from level 
"E" toward level "D" and will stop at level "F" due to the 
magnet 134 contacting the brake element 224. The 
magnet 1 34 is held in place and prevented from rotating 
about motor axis "G". thereby holding pointer 226 in 
place, which is affixed to magnet 1 34 by the shaft 1 38. 

When a new pointer position is desired, the control 
means applies a drive voltage to one or more of the colls 
1 1 8, causing an electromagnetic field to be set up at lev- 
el "E". This magnetic field at level "E" is generally at- 
tracting the center of magnetism of magnet 1 34 toward 
that level. At the same time, the center of magnetism of 
magnet 1 34 is attracted to level "D" due to the permea- 
bility of magnetic base 21 8. By having appropriate drive 
voltage applied to one or more coils 118 the "up" force 
on the magnet 134 toward level "E" is greater than the 
"down" force toward level "D". As a result, the magnet 
1 34 moves away from level "F" toward level "E", thereby 
releasing magnet 1 34 from the brake element 224. 

Thus, the drive voltage(s) applied to the coil(s) 1 1 8 
should be capable of rotating the pointer 226 to the new 
angular position about axis "G" and also be capable of 
releasing the magnet 1 34 from the brake 224. After ap- 
propriate time to allow pointer 226 to achieve its new 
angular position, power is removed from coils 118, al- 
lowing the magnet 134 to be pulled down to level "F" 
and be held by brake 224 until it is desired to move the 
pointer 226 to a new position. 

Referring now to Figure 12, an alternative nriotor 
embodiment is generally indicated by reference numer- 
al 230. The motor 230 is a front mount design, capable 
of being surface-mounted to the front of the substrate, 
such as a circuit board 222 or the VFD 102 shown in 
Figure 1. In this embodiment, the pointer 226 is fixedly 
attached to a lid 232, instead of being affixed to the mo- 
tor output shaft. Preferably, the lid 232 is constructed of 
plastic and is fixedly attached to the magnet 1 34 for ro- 
tation therewith relative to the stator assembly, shown 
generally by reference numeral 234. The stator assem- 
bly 234 includes a stator 236, which is substantially sim- 
ilar to the stator 212 previously described. The stator 
236, however, is without an aperture extending through 
its central portion. 

With continuing reference to Figure 12, when the 
piezoelectric brake 1 46 and the coils 1 1 8 are energized, 
the lower surface of the magnet 1 34 is disengaged from 
the brake 146. The magnet 134 rotates relative to the 
stator 236, as shown by the arrows, until the poles of 
the stator and the magnet 1 34 are aligned to provide a 
stable position. The pointer 226 is thus displaced to a 
new angular position, at which time the coils 118 and 
the brake 1 46 may be deenerglzed. The brake 1 46 then 
returns to its concave shape, braking and holding the 
magnet 134 (and the pointer) in place. 

Referring now to Figure 13, there is illustrated a 



block diagram for a first coil drive system shown gener- 
ally by reference numeral 240. The coil drive system 240 
preferably includes a microprocessor 242, a digital-to- 
anaiog (D/A) converter 244, gain and offset circuitry 246 
s and a power amplifier stage shown generally by refer- 
ence numeral 246. The microprocessor 242, such as a 
6eHC05 series microprocessor, commercially available 
from Motorola, of Phoenix, Arizona, United States of 
America, reads and processes inputs from sensors not 
10 specifically illustrated to generate a desired angular po- 
sition for the motor. Preferably, data corresponding to 
the coil drive voltages (shown in Figure 4) are stored in 
look-up table in memory not specifically illustrated. This 
desired position is communicated as a digital signal to 
IS the D/A 244, such as 86021 . an 8-bit. 4-channel D/A 
commercially available from the Microelectronics IC Di- 
visions of Fujitsu, of San Jose, California, United States 
of America, which converts the digital signal to a corre- 
sponding analog signal. Accurate communication be- 
tween the microprocessor 242 and the D/A 244 is as- 
sured by standard control and decoding logic 250, which 
functions to select a D/A channel, and the like. Depend- 
ing on which coils need to be energized to rotate the 
motor to the desired position, the analog position signal 
is next communicated to the appropriate gain and offset 
circuitry 246 and the power amplifier stage 248. The 
power amplifiers 248 function to amplify the sinusoidal 
coil drive voltage signals, which can be at rather low lev- 
els, preferably to values of between approximately 3V 
to approximately 7V Position sensor circuitry 252 mon- 
itors the coil voltages and provides position feedback 
signals related to the angular position of the motor shaft 
to the microprocessor 242. Thus, it should be appreci- 
ated that the microprocessor based system 240 is fully 
programmable, providing for control of actual gauge 
movement through coil energization as well as providing 
for control of "when" the coils are energized. 

Turning now to Figure 1 4, there is illustrated a block 
diagram for an alternative programmable coil drive sys- 
tem, shown generally by reference numeral 260. As il- 
lustrated, the coil drive system 260 includes an analog- 
to-digital (A/D) converter 262, an electrically program- 
mable read-only memory (EPROM) 264, a D/A 266, 
gain and offset circuitry shown generally by 268 and a 
power amplifier stage shown generally by 270. An ana- 
log voltage signal (Vj„), such as from a fuel level sensor, 
is provided to the A/D 262, such as ADC0808, commer- 
cially available from National Semiconductor, of Santa 
Clara, California, United States of America. The A/D 
262, as is known, converts this analog signal, approxi- 
mately every four (4) clock ticks, to a corresponding dig- 
ital signal and communicates the digital signal to the 
EPROM 264. The digital signal actually represents a 
base address in the EPROM, which address contains 
digital data representing colt drive voltage for a node (e. 
g. node A). The coil drive voltages for nodes B and C 
are preferably located in the next two address locations, 
which are accessed after appropriate signal from the 
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2-bit counter are communicated to the EPROM. Thus, 
the EPROM 264 provides the data required to generate 
the sinusoidal drive voltages (such as those shown in 
Figure 4) to rotate the motor to the desired angular po- 
sition. Of course, the EPROM 264 could have data rep- 
resenting any other waveform, such as a square or tri- 
angle waveform. The digital data is communicated by 
the EPROM 264 to the D/A 266. The 2-bit counter 272 
provides channel select data to the D/A 266. Further 
processing of the coil drive voltages by the gain and off- 
set circuitry 268 and the power amplifiers 270 is sub- 
stantially the same as described above with reference 
to Figure 1 3. Thus, the programmable drive system 260 
is a continuous system, in that Vj„ is read and the motor 
is driven. 

Referring now to Figure 15, there is illustrated a 
block diagram for an alternative piece-wise linear 3-coil 
motor drive system, shown generally by reference nu- 
meral 280. The embodiment is shown for use with a mo- 
tor utilized in a engine speed gauge of a vehicular in- 
strument cluster. In this embodiment, an input signal, 
such as from an engine speed sensor (not specifically 
illustrated), is provided to the signal processing circuitry 
shown generally by reference numeral 282, which proc- 
esses by introducing a gain which varies according to 
the number of cylinders in the engine of the vehicle. This 
signal is generally indicative of the desired angular po- 
sition of the pointer associated with the gauge (e.g. the 
gauge pointer should be located at 65 mph). This signal 
is then communicated to a waveform generator 284, 
such as an LM1819. commercially available from Na- 
tional Semiconductor, of Santa Clara, California, United 
States of America. The waveform generator functions 
as a converter from frequency to voltage, preferably 
generating sine and cosine waveforms. These sine and 
cosine waveforms are then processed by standard off- 
set and gain circuitry, shown generally by reference nu- 
meral 286. Next, a "copy" of the sine waveform is com- 
municated directly to the power amplifiers 292. A "copy" 
of the both the sine and cosine waveforms is processed 
by phase shifting circuitry shown generally by reference 
numeral 288 and combined prior to being communicat- 
ed to an amplifier 292. Preferably, the phase shifting cir- 
cuitry 286 multiplies the sine waveform by a first con- 
stant (i.e. -0.5) and multiplies the cosine waveform by a 
second constant (I.e. -0.866). Thus, the circuitry 288 
functions to generate a phase shifted sine waveform (e. 
g. X + 120°). The other "copy" of the waveform is proc- 
essed by the phase shifting circuitry shown generally by 
reference numeral 290, which functions similarly to gen- 
erate a second phase shifted sine waveform (e.g. X + 
240*). Thus, three 120° phase shifted waveforms are 
communicated to the power amplifiers 292, which am- 
plify the waveforms for application to the coil nodes A, 
B and C formed by the electrical interconnection of the 
coils 118. Figure 16 illustrates sample coil drive voltage 
waveforms, plotted versus angular position, generated 
by the coil drive system shown in Figure 15. As shown 



on the horizontal axis, only approximately 190° of the 
waveforms generated by the waveform generator 284 
are graphed. However, the circuit has the capability to 
produce a full 360° of rotation. Since the waveform gen- 

s erator 284 only generates approximations of sine and 
cosine waves, some inaccuracies, such as the plateau 
on the voltage waveform for node "A", are to be expect- 
ed. Such inaccuracies do not, however, significantly af- 
fect positioning accuracy 

10 Referring now to Figure 17, there is shown a block 
diagram for an alternative piece-wise linear 2-coil motor 
drive system, shown generally by reference numeral 
300. As illustrated, the 2-coil drive system 300 includes 
a frequency-to-voltage converter 302, offset and gain 

IS circuitry shown generally by 304 and a transistor power 
stage shown generally by 306 including a plurality op- 
erational amplifiers and transistors. In this embodiment, 
an Input signal, such as from an engine speed sensor 
(not specifically illustrated), is provided to the frequen- 
ce cy-to-voltage converter circuitry 302, such as an 
LM2917, commercially available from National Semi- 
conductor, of Santa Clara, California, United States of 
America, which outputs an analog voltage signal. The 
analog voltage signal is then processed by standard off- 

25 set and gain circuitry 304, which outputs a generally lin- 
ear ramp to the clipper circuits 308 and 310 of the tran- 
sistor power stage. Clipper circuit 308 is also provided 
with a reference voltage (VA^^f), which represents the 
voltage level the clipper circuit 308 clips the linear ramp. 

30 The output of the clipper circuit 308 is communicated to 
negative gain circuitry 312, which functions to invert the 
clipped linear ramp. The output of the gain circuitry 312 
is then communicated to the associated operational am- 
plifier/transistor for application to the coil node "A". The 

35 drive voltage for node "0" is generated with substantially 
similar circuitry, except that positive gain circuitry 314 
utilized (i.e. the clipped ramp is not inverted). Typical 
coil drive voltages for nodes "A" and "C" are illustrated 
in Figure 18. Since there are only two coils, node "B" is 

40 maintained at a positive bias voltage level, as illustrated 
in Figure 18. 

As the drive voltages for nodes "A" and "C" swing, 
node "B' operates to both source and sink current. For 
example, with reference to Figure 18, at an angular po- 

4$ sition of approxinnately 120°, it can be seen that coil 
node voltage "A" > coil node voltage "B" > coil node volt- 
age "C". Thus, node "B" acts as a current sink for the 
current flowing from "A" and a current source for current 
flowing to node "C". However, at an angular position of 

50 approximately 225°, coil node voltage "C" > coil node 
voltage "B" > coil node voltage "A". Thus, node "B" acts 
as a current sink for the current flowing from node "C" 
and a current source for current flowing to node "A". 
Referring now to Figure 19, there is illustrated a 

ss schennatic diagram for a basic passive coil drive system , 
shown generally by reference numeral 320. In this em- 
bodiment, an analog voltage signal is generated, such 
as by a fuel level sensor. As illustrated, this analog volt- 
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age signal is then communicated to coil node "B" to set 
up a reference voltage level at node "B". Preferably, coil 
node "A" is electrically connected to a voltage source 
(V+) and coil node "C" is electrically connected to a 
ground potential. Thus, current (i) flows in the direction 
indicated by the arrows, it should be appreciated that 
such a drive system is inexpensive and provides for ap- 
proximately 120"* of rotation. Figure 20 is a graphical 
representation of the relationship between sensor volt- 
age (i.e. voltage at node "B") and corresponding gauge 
position (^). As shown, there is generally a linear rela- 
tionship between sensor voltage and gauge position. 

Referring now to Figure 21 , a flow chart illustrates 
the program flow for use with the microprocessor-based 
drive system 240 shown in Figure 1 3. At step 400, the 
microprocessor (p.P) 242 enters a start-up and initializa- 
tion phase, which includes resetting variables, checking 
memory, and the like. At step 402, the ^iP 242 reads sen- 
sor output, and program flow is transferred to the "Sam- 
ple Sensor Output" subroutine shown in Figure 22. 

As shown in Figure 22, at step 430 the ^.P 242 ac- 
quires output from sensors, such as an engine speed 
sensor. If the sensor output is analog, an internal A/D 
converts the output into digital format for further 
processing. Due to the differences in the type of sensors 
that could be providing data to the 242, sensor output 
can vary drastically in magnitude. For the most accurate 
processing, therefore, the digitized sensor output is 
scaled at step 432. 

The scaled data is then verified and stored in an 
internal volatile memory element or random-access 
memory (RAM) of the |j.P 242 at step 434. Data verifi- 
cation Insures detection of sensor deterioration and/or 
failure. At step 436, program flow is returned to the main 
program shown in Figure 21. 

As shown in Figure 21 , at step 404 the |iP 242 de- 
termines if the scaled sensor output is within a dead- 
band of the motor 100. The deadband represents the 
required minimum change in angular position of the mo- 
tor 100 and is illustrated graphically in Figure 23. Pref- 
erably, the new angular position of the motor 100 is out- 
side of the upper limit ly or the lower limit I, (i.e. move 
through an angle of a**) before the ]iP 242 will energize 
the coils 118 and update its gauge position. The 242 
first determines the numerical difference between the 
scaled sensor output and the scaled data value repre- 
senting the current angular position of the motor 100. If 
this difference would translate to a change in angular 
position exceeding the deadband, the pointer position 
is updated. 

At step 406, program flow is transferred to the "Up- 
date Gauge Reading" subroutine shown in Figure 24. 
The scaled data is retrieved from the RAM memory at 
step 460. At step 462, the data Is then converted to a 
value representative of a corresponding desired nnotor 
angular position. For example, the sensor reading may 
correspond to a new speed of which is converted to an 
angular position of X**, as indicated on the graph. The 



^P 242 then performs a data table look-up of data stored 

in a read-only memory (ROM), not specifically illustrat- 
ed, utilizing the desired motorangular position data. The 
ROM preferably contains a table containing data repre- 
s senting drive voltages for the coils 1 1 8. Generally, every 
angular position of motor 100 can be characterized by 
a unique set of coil voltages, as previously shown in Fig- 
ure 4. 

With continuing reference to Figure 24. at step 464 
10 the ^P 242 utilizes the set of data voltages to calculate 
the output function to be applied to each of the coils 118. 
Prior to applying the output function (I.e. the drive volt- 
ages) to the colls 118, the ^LP 242 energizes the piezo- 
electric brake 146 (shown In Figure 1) at step 466. As 
IS previously described, this deflects the brake flat, thereby 
releasing the rotor assembly 130, allowing the motor 
output shaft 138 to rotate. 

At step 468, the |iP 242 energizes the coils 118 ac- 
cording to the output function. The output shaft 1 38 then 
rotates to the desired angular position. At step 470, the 
^P 242 removes power from the piezoelectric brake 
146. The brake 146 thus returns to its concave shape 
and Is set against the rotor assembly 1 30. thereby pre- 
venting further rotation. The use of the piezoelectric 
brake 146 may allow for the precise control of the re- 
sponse of the motor 100 to an output function. Figure 
25 illustrates the relationship between an ideal motor re- 
sponse (i.e. a step response), a damped motor re- 
sponse and an undamped motor response over time. 
Specifically, various levels of brake application during 
shaft rotation may minimize overshoot and fix the angu^ 
lar position quickly and accurately. 

It is understood, of course, that while the fornns of 
the invention herein shown and described constitute the 
preferred embodiments of the Invention, they are not In- 
tended to Illustrate all possible forms thereof. 

For example, a position feedback signal related to 
the position of the load can be generated by energizing 
one of the coils 118, such as in the delta connection of 
Figure 2A, and sensing any resulting current or voltage 
appearing across one or both of the other coils. 



Claims 

1. An electric motor (100) for rotating a load to a de- 
sired angular position in response to a sensor sig- 
nal, the electric motor (1 00) including a stator as- 
sembly (110) including a stator (112) having a plu- 
rality of lobes (114), the stator Including at least one 
coll (118) wound about at least one of the plurality 
of lobes (114), each coil (118) having a pair of input 
leads; 

a rotor assembly (130) including a magnet 
(134) having a plurality of poles, and connect- 
ing means (168) for electrically connecting the 
leads of the at least one coil to form an input 
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terminal, the motor (100) characterized by: 
the magnet (134) being magnetized according 
to a magnet flux profile having an amplitude 
which varies substantially sinusoidally with an- 
gular position, the magnet (1 34) adapted to be 
coupled to the load and rotatably positioned rel- 
ative to the stator assembly (110); and 
the rotor assembly (130) rotating relative to the 
stator assembly (1 1 0) in response to a substan- 
tially continuously variable electrical signal ap* 
plied to the input terminal to angularly position 
the rotor assembly (1 30) to any one of a plural- 
ity of positions independent of stator (112) ge- 
ometry, the angular position of the load varying 
generally linearly with the sensor signal. 

2. The electric motor (1 00) of claim 1 characterized in 
that the rotor assembly (1 30) includes a shaft (138) 
adapted to be coupled to the load, the shaft extend- 
ing through said stator (112). 

3. The electric motor (100) of claim 1 characterized in 
that the stator (112) has an odd number of lobes 
(114), the stator (112) including at least one coil 
(118) wound about at least one of the lobes (114) 
and wherein the magnet (1 34) has an even number 
of poles. 

4. The electric motor (1 00) of claim 1 characterized by: 
control means (242) for controlling movement of the 
load and for applying a substantially continuously 
variable electrical signal to the input terminal to ro- 
tate the rotor assembly (130) relative to the stator 
assembly (110) to any one of a plurality of angular 
positions, independent of stator geometry. 

5. The electric motor (100) of claim 1 characterized in 
that the stator (112) includes a plurality of lobes 
(114), each having a coil (118) wound thereabout. 

6. The electric motor (1 00) of claim 1 characterized In 
that the load is a needle pointer. 

7. The electric motor (100) of claim 1 characterized by 
a layer made of an insulating material and on which 
the stator assembly is fixedly secured. 

8. The electric motor (1 00) of claim 2 characterized by: 
bearing means for rotatably supporting the shaft 
(176) within the stator assembly (11 0) while allow- 
ing the shaft (176) to rotate freely with respect to 
the stator assembly (110). 

9. The electric motor (100) of claim 1 characterized by: 
a layer of insulating material (164) having electrical 
conductors formed thereon, the stator lobes (114) 
being made of a magnetically permeable material 
and being angularly positioned with respect to each 



other, the at least one coil (118) being electrically 
connected to respective conductors. 

10. The electric motor (100) of claim 9 characterized in 
s that the layer of insulating material (1 64) has a back 

surface, the stator (112) being fixedly secured to the 
back surface of the layer and wherein said coils 
(1 1 6) are responsive to the flow of electrical energy 
to cause said rotor assembly to move against the 
10 back surface of said layer thereby supplying a brak- 
ing force to said rotor assembly (130). 

11. The electric motor (100) of claim 1 characterized In 
that the stator assembly Includes three coils, the 

IS coils being positioned 120** from each other. 

12. The electric motor (100) of claim 11 characterized 
in that the coils (118) are connected in a delta con- 
nection. 

20 

13. The electric motor (100) of claim 11 characterized 
in that the coils (118) are connected in a star con- 
nection. 

25 14. The electric motor (100) of claim 11 the coils (118) 
are connected in a grounded star connection. 

15. The electric motor (100) of claim 4 characterized in 
that the control means (242) is a closed loop control 

30 including means for generating a position feedback 
signal related to the position of the load. 

16. The electric motor (100) of claim 15 characterized 

by means (252) for generating a position feedback 
3S signal related to the position of the load. 

1 7. The electric motor (1 00) of claim 1 characterized by: 
a layer of insulating material (164) having electrical 
conductors formed thereon, the stator (112) being 

40 fixedly secured to the layer and wherein the electric 
motor (100) further comprises a piezoelectric trans- 
ducer (1 46) electrically connected to the conductors 
and disposed between the rotor assembly (1 30) and 
the layer of insulating material (164), said piezoe- 

45 lectric transducer (1 46) being responsive to the flow 
of electrical energy to supply pressure to said rotor 
assembly (1 30) thereby supplying a braking force 
to said rotor assembly (130). 



so 1 8. A method for controlling an electric motor for driving 
a load, the electric motor (100) having a stator as- 
sembly (110) and a rotor assembly (1 30) for rotating 
relative to the stator assembly, the method charac- 
terized by the steps of: 

ss 

providing a braking surface (224); 

providing the stator assembly with a magnetic 

permeability center "D" offset from its electro- 



11 



21 

magnetic center "E"; 
energizing one of the two assemblies with at 
least one substantially continuously variable 
electrical signal thereby producing an axial 
force between the two assemblies to move the 
rotor assembly (130) away from the braking 
surface (224) and producing a rotational force 
to rotate the rotor assembly to a desired posi- 
tion; and 

deenergizing the one assembly thereby allow- 
ing the rotor assembly to move against the 
braking surface (224) to hold the rotor assem- 
bly at the desired location. 

19. The method of claim 18 characterized by the steps 
of: 

generating an angular position signal repre- 
sentative of the desired position; 
generating a reference signal representative of 
a second position; 

providing a range of positions including the de- 
sired position, the range of positions being rep- 
resentative of the deadband of the motor; 
processing the signals to obtain a processed 
signal and preventing rotation of the rotor as- 
sembly from the desired position to the second 
position when the second position is within the 
range based on the processed signal. 

20. A method of assembling a miniature motor (1 00) for 
accurately rotating a load to a desired angular po- 
sition in response to a sensor signal to a substrate 
having electrical conductors formed thereon, the 
method including the steps of: 

forming a stator core from a plurality of laminations, 
the stator core having a plurality of lobes (214); 
winding at least one coll about an associated stator 
lobe, the at least one coil having a pair of leads; and 
characterized by the steps of: 

providing coil connector means positioned be- 
tween the motor and the substrate, the coil con- 
nector means including a plurality of termina- 
tions (188); 

electrically connecting the leads of the at least 
one coil to an associated coil connector means 
termination; 

fixedly attaching the coil (118) connector 
means to the substrate such that the coil con- 
nector means is electrically coupled to the elec- 
trical conductors; 

magnetizing a permanent magnet (134) with a 
magnetic flux having an amplitude which varies 
substantially sinusoidally with angular position, 
the magnet surrounding the stator core; and 
providing a rotor (1 30) including the permanent 
magnet surrounding the stator core for rotation 
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relative thereto, in response to a substantially 
continuously variable electrical signal applied 
to the electrical conductors. 



Patentansprucho 

1. Elektromotor (100) zum Drehen einer Last in eine 
gewunschte Winkelposition in Reaktion auf ein 

10 Sensorsignal, wobei der Elektromotor (100) eine 
Standerbaugruppe (110) aufweist, die einen Stan- 
der (112) mit einer fy/lehrzahl von Nocken (114) auf- 
weist, wobei der Stander wenigstens eine Spule 
(118) aufweist. die urn wenigstens eine aus der 

IS Mehrzahl von Nocken (114) gewickelt ist, wobei je- 
de Spule (118) ein Paar Eingangsleltungen auf- 
weist; 

eine Rotorbaugruppe (130) mit einem Magnet 
20 (134), der eine Mehrzahl von Poten aufweist, 

und ein AnschluBmittet (168) zum elektrischen 
AnschlieBen der Leitungen der wenigstens ei- 
nen Spule zur Bildung eines Eingangsan- 
schlusses, wobei der Motor (100) dadurch ge- 
25 kennzeichnet ist, daB der Magnet (1 34) gemal3 

einem MagnetfluQprofil mit einer Amplitude 
magnetisiert ist, die sinusf ormig mit der Winkel- 
position erheblich varilert, wobei der Magnet 
(134) mit der Last gekoppelt und rotationsma- 
30 Big relativ zur Standerbaugruppe (110) positio- 

niert ist; und 

da3 die Rotorbaugruppe (1 30) relativ zur Stan- 
derbaugruppe (110) In Reaktion auf ein im we- 
sentlichen kontinuierlich veranderliches elektri- 
35 sches Signal rotiert, das an den Eingangsan- 

schlu3 angelegt wird, um die Rotorbaugruppe 
(1 30) unabhangig von der Geometrle des Stan- 
ders (112) in einer aus einer Mehrzahl von Po- 
sitionen winkelmaGig zu position ieren, wobei 
40 sich die Winkelposition der Last im allgemeinen 

linear zum Sensorsignal andert. 

2. Elektromotor (100) nach Anspruch 1, dadurch ge- 
kennzeichnet, da3 die Rotorbaugruppe (1 30) eine 

4S Welle (1 38) aufweist. die mit der Last gekoppelt ist, 
wobei die Welle durch den genannten Stander (112) 
verlauft. 

3. Elektromotor (100) nach Anspruch 1, dadurch ge- 
50 kennzeichnet, daB der Stander (112) eine ungerade 

Zahl von Nocken (114) aufweist, wobei der Stander 
(112) wenigstens eine Spule (118) aufweist, die um 
wenigstens eine der Nocken (114) gewickelt ist, und 
wobei der Magnet (1 34) eine gerade Zahl von Polen 
55 aufweist. 

4. Elektromotor (100) nach Anspruch 1 , gekennzeich- 
net durch ein Steuermlttel (242) zum Steuern der 
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Bewegung der Last und zum Antegen eines im we- 
sentlichen konttnuierlich veranderlichen elektri- 
schen Signals an den Eingangsanschlu3, urn die 
Rotorbaugruppe (130) relativzur Standerbaugrup- 
pe (110) unabhangig von der Geometrie des Stan- s 
ders in eine beliebige aus einer Mehrzahl von Win- 
kelpositionen zu drehen. 

5. Elektronnotor (100) nach Anspruch 1. dadurch ge- 
kennzeichnet, daB der Stander (112) eine Mehrzahl io 
von Nocken (114) aufweist, wobei urn jede eine 
Spute (116) gewickelt ist. 

6. Elektromotor (100) nach Anspruch 1, dadurch ge- 
kennzelchnet, da3 die Last ein Nadelzeiger ist. 

7. Elektromotor (1 00) nach Anspruch 1 , gekennzelch- 
net durch eine Schicht aus einem Isoliermaterial, 
auf der die Standerbaugruppe unbeweglich befe- 
stigt ist. 20 

8. Elektromotor (100) nach Anspruch 2, gekennzeich- 
net durch ein Lager zum drehbaren Lagern der Wel- 
le (176) innerhalb der Standerbaugruppe (110), 
wahrend die Welle (176) in bezug auf die Stander- 2S 
baugruppe (110) frei rotieren kann. 

9. Elektromotor (1 00) nach Anspruch 1 , gekennzeich- 
net durch eine Schicht von Isoliermaterial (164), auf 
der elektrische Leiter ausgebildet sind, wobei die 30 
Standernocken (114) aus einem magnetisch durch- 
lassigen Material hergestellt und wInkelmaBig in 
bezug aufeinander positionlert sind, wobei die we- 
nigstens eine Spule (118) elektrisch an die jewelli- 
gen Leiter angeschlossen ist. 3S 

10. Elektromotor (100) nach Anspruch 9, dadurch ge- 
kennzelchnet, da3 die Schicht aus Isoliermaterial 
(164) eine Ruckseite autweist, wobei der Stander 

(1 1 2) unbeweglich an der Ruckseite der Schicht be- 40 
festigt ist und wobei die genannten Spulen (116) auf 
den Flu3 von elektrischer Energle reagieren, indem 
sie bewlrken, daB sich die genannte Rotorbaugrup- 
pe gegen die Ruckseite der genannten Schicht be- 
wegt, wodurch eine Bremskraft auf die genannte ^ 
Rotorbaugruppe (1 30) ausgeubt wird. 

11. Elektromotor (100) nach Anspruch 1, dadurch ge- 
kennzeichnet, daB die Standerbaugruppe drei Spu- 
len autweist, wobei die Spulen jeweils einen Ab- so 
stand von 120** voneinander haben. 

12. Elektromotor (100) nach Anspruch 11 , dadurch ge- 
kennzeichnet, daBdIe Spulen (116) in Delta-Forma- 
tion geschaltet sind. ss 

13. Elektromotor (100) nach Anspruch 11 , dadurch ge- 
kennzeichnet, daB die Spulen (116) in Stern-For- 
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mation geschaltet sind. 

14. Elektromotor (100) nach Anspruch 11, bei dem die 
Spulen (118) in einer geerdeten Stem-Fornnatlon 
geschaltet sind. 

15. Elektromotor (100) nach Anspruch 4, dadurch ge- 
kennzeichnet, daB das Steuermittel (242) ein ge- 
schlossener Regelkreis ist. der ein Mittel zum Ge- 
nerieren eines PositionsrOckmeldesignals in bezug 
auf die Position der Last beinhattet. 

16. Elektromotor (100) nach Anspruch 15, gekenn- 
zeichnet durch ein Mittel (252) zum Generieren ei- 
nes PositionsrOckmeldesignals in bezug auf die Po- 
sitbn der Last. 

17. Elektromotor (100) nach Anspruch 1 , gekennzeich- 
net durch eine Schicht aus Isoliermaterial (164) mit 
darauf ausgebildeten elektrischen Leitern, wobei 
der Stander (112) unbeweglich auf der Schicht be- 
festigt ist und wobei der Elektromotor (100) ferner 
einen piezoeiektrischen MeBwertwandler (1 46) um- 
taBt, der elektrisch an die Leiter angeschlossen und 
zwischen der Rotorbaugruppe (130) und der 
Schicht aus Isoliermaterial (164) angeordnet ist. 
wobei der genannte piezoelektrische MeBwert- 
wandler (1 64) auf den FluB von elektrischer Energie 
reagiert, indem er Druck auf die genannte Rotor- 
baugruppe (130) ausubt, um auf diese Weise eine 
Bremskraft auf die genannte Rotorbaugruppe (1 30) 
auszuuben. 

18. Verfahren zum Steuern eines Elektromotors zum 
Antreiben einer Last, wobei der Elektromotor (100) 
eine Standerbaugruppe (1 1 0) sowie eine Rotorbau- 
gruppe (130) zum Rotieren relativ zur Standerbau- 
gruppe hat, wobei das Verfahren durch die folgen- 
den Schritte gekennzeichnet ist: 

Bereitstellen einer Bremsflache (224); 
Ausstatten der Standerbaugruppe mit einer 
magnetisch durchlasslgen Mitte "D", die von ih- 
rer elektromagnetischen Mitte "E" verschoben 

ist; 

Erregen einer der beiden Baugruppen mit we- 
nigstens einem im wesentlichen kontinuierlich 
variablen elektrischen Signal, um so eine Axi- 
alkraft zwischen den beiden Baugruppen zu er- 
zeugen, um die Rotorbaugruppe (130) von der 
Bremsflache (224) wegzubewegen. und um ei- 
ne Rotationskraft zu erzeugen, um die Rotor- 
baugruppe in eine gewunschte Position zu dre- 
hen; und 

Enterregen der einen Baugruppe, so daB sich 
die Rotorbaugruppe gegen die Bremsflache 
(224) bewegen kann, um die Rotorbaugruppe 
an der gewQnschten Stelle f estzuhalten. 
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19. Verfahren nach Anspruch 18, gekennzeichnet 
durch die fotgenden Schritte: 

Generieren eines Winketpositionsslgnals, das 
fur die gewunsclite Position reprasentativ ist; 
Generieren eines Referenzsignats, das fur eine 
zweite Position reprasentativ ist; 
Bereitstellen einer Reihe von Positionen ein- 
schiieBlich der gewunschten Position, wobei 
die Reihe von Positionen fur das Totband des 
Motors reprasentativ ist; 
Verarbeiten der Signale, urn ein verarbeitetes 
Signal zu erhalten, und Verhindern der Rotation 
der Rotorbaugruppe von der gewunschten Po- 
sition in die zweite Position, wenn die zweite 
Position innerhalb des Bereiches auf der Basis 
des verarbeiteten Signals ist. 

20. Verfahren zum Zusammenbauen eines Miniatu?- 
motors (100) zum genauen Drehen einer Last in ei- 
ne gewunschte Winkelposition in Reaktion auf ein 
Sensorsignal auf einem Substrat mit darauf ausge- 
biideten elektrischen Leitem. wobei das Verfahren 
die folgenden Schritte umfaQt: 

Ausbtiden eines Standerkerns aus einer Mehr- 
zahl von Lamellen, wobei der Standerkern eine 
Mehrzahl von Nocken (214) aufweist; Wickein 
von wenigstens einer Spule um eine zugehori- 
ge Standernocke, wobei die wenigstens eine 
Spule ein Paar Leitungen aufweist; und ge- 
kennzeichnet durch die folgenden Schritte: 
Bereitstellen eines SputenanschtuBmittels, das 
sich zwischen dem Motor unddem Substrat be- 
findet. wobei das Spulenanschlu3mittel eine 
Mehrzahl von Abschlussen (188) aufweist; 
elektrisches AnschlieBen der Leitungen der 
wenigstens einen Spule an einen zugehorigen 
SpulenanschluBmittel-AbschluB; 
unbewegliches Anbringen des AnschluBmittels 
der Spule (118) an dem Substrat, so daB das 
SpulenanschluBmittel etektrisch mit den etek- 
trischen Leitungen gekoppelt ist; 
Magnetisieren eines Dauermagnets (134) mit 
einem MagnetfluB mit einer Amplitude, die im 
wesentlichen sinusformig mit der Winkelpositi- 
on variiert, wobei der Magnet den Standerkern 
umgibt, und 

Bereitstellen eines Rotors (130) mit dem den 
Standerkern umgebenden Dauermagnet fur ei- 
ne Rotation relativ dazu in Reaktion auf ein an 
die elektrischen Leiter angelegtes, im wesent- 
lichen kontinuierlich veranderiiches elektri- 
sches Signal. 
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Revendlcations 

1. Moteur6lectrique (1 00) pour faire tourner une char- 
ge k une position angulaire souhait^e en rdponse 

s kun signal de d^tecteur, le moteur diectrique (100) 
comprenant un ensemble de stator (110) compre- 
nant un stator (112) ayant une plurality de lobes 
(114), le stator comprenant au moins une bobine 
(118) enroul6e autour d'au moins un lobe de la plu- 

10 ralitd de lobes (114), chaque bobine (1 1 8) ayant une 
paire de fils conducteurs d'entrSe ; 

un ensemble de rotor (130) comprenant un 
aimant (134) ayant une piuralitds de pdles, et 
IS des moyens de connexion (168) pour connec- 

ter dlectriquement les fils conducteurs de ladite 
au moins une bobine pour former une borne 
d'entrde. le moteur (1 00) 6Xan\ caract6ris6 par : 
le fait que I'aimant (134) est magndtisd selon 
20 un profil de flux magn^tique ayant une amplitu- 

de qui varie de manidre sensiblement sinusoT- 
dale avec la position angulaire. I'aimant (134) 
dtant adapts pour dtre coupld k la charge et po- 
sitionn6 en rotation par rapport k I'ensemble de 
2S Stator (110) ; et 

le fait que i'ensemble de rotor (1 30) tourne par 
rapport k I'ensemble de stator (1 1 0) en r^ponse 
k un signal electrique variable sensiblement en 
continu appliqu6 k la borne d'entr^e pour posi- 
30 tionner angulairement I'ensemble de rotor 

(1 30) k I'une quelconque d'une plurality de po- 
sitions independantes de la geom^trie du stator 
(1 1 2), la positbn angulaire de la charge variant 
de mani^re g^n^ralement Iin6aire avec le si- 
55 gnal du d6tecteur. 

2. Moteur electrique (100) seton la revendication 1. 
caract6ris6 en ce que I'ensembie de rotor (130) 
comprend un arbre (138) adapte pour etre coupl6 

40 ^ la charge, I'arbre s'6tendant k travers ledit stator 
(112). 

3. Moteur 6lectrique (100) selon la revendication 1, 
caractdrisd en ce que le stator (112) a un nombre 

45 impair de lobes (11 4), le stator (1 1 2) comprenant au 
moins une bobine (118) enroul6e autour d'au moins 
un des lobes (114) et dans lequet I'aimant (134) a 
un nombre pair de p6les. 

50 4. Moteur 6lectrique (100) selon la revendication 1. 
caract^rise par : 

des moyens de commande (242) destin6s k 
commander le mouvement de la charge et k appli- 
quer un signal Electrique variable sensiblement en 
55 continu k la borne d'entr6e pour faire toumer I'en- 
semble de rotor (130) par rapport k I'ensemble de 
stator (110) k I'une quelconque d'une pluralit6 de 
positions angulaires. inddpendante de la gdom^trie 
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du stator. 

5. Moteur 61ectrique (100) selon la revendication 1, 
caract^ris^ en ce que le stator (112) comprend une 
plurality de lobes (114), ayant chacun une bobine 
(118) enroulde autour de lui. 

6. Moteur dlectrique (100) selon la revendication 1, 
caract6ris6 en ce que la charge est un pointeau k 
aiguille. 

7. Moteur 6lectrique (100) selon la revendication 1, 
caract6ris6 par une couche en mat^riau isolant et 
sur laquelle ('ensemble de stator est attach^ de ma- 
ni^re.fixe. 

8. Moteur diectrique (100) selon la revendication 2, 
caract6ris6 par : 

des moyens de palier destines k supporter en rota- 
tion I'arbre (176) dans ('ensemble de stator (110) 
tout en permettant k i'arbre (176) de tourner libre- 
ment par rapport k {'ensemble de stator (110). 

9. Moteur 6lectrique (100) selon la revendication 1, 
caract6ris6 par : une couche de mat6riau isolant 
(164) sur laquelle sont formds des conducteurs 
^lectrlques, les lobes de stator (114) 6tant faits d'un 
mat^riau magnetiquement permeable et etant po- 
sitlonnds angulairement I'un par rapport k Tautre, 
ladite au moins une bobine (118) etant 6lectrique> 
ment connect^e aux conducteurs respectifs. 

10. Moteur ^lectrique (100) selon la revendication 9, 
caract6ris6 en ce que la couche de mat6riau isolant 
(164) a une surface arri6re, le stator (112) 6tant at- 
tach6 de maniere fixe k la surface arri^re de la cou- 
che etdans iequel lesdites bobines (118) rdaglssent 
au flux d'^nergie dlectrique pour provoquer le d6- 
placement dudit ensemble de rotor contre la surfa- 
ce arriere de ladite couche, fournissant ainsi une 
force de freinage audit ensemble de rotor (130). 

11. Moteur diectrique (100) selon la revendication 1, 
caract6ris6 en ce que I'ensemble de stator com- 
prend trois bobines, les bobines ^tant positionndes 
k 120** Tune de I'autre. 

12. Moteur diectrique (100) selon la revendication 11, 
caracterisd en ce que les bobines (118) sont con- 
nect^es selon une connexion en triangle. 

13. Moteur ^lectrique (100) selon la revendication 11, 
caractdrisd en ce que les bobines (118) sont con- 
nectSes selon une connexion en 6toile. 

14. Moteur dlectrique (100) selon la revendication 11, 
caract6ris6 en ce que les bobines (118) sont con- 
nectdes selon une connexion en dtolle mise k la ter- 



re. 

15. Moteur ^lectrique (100) selon la revendication 4, 
caract6ris6 en ce que les moyens de commande 
s (242) sont constitu6s d'une commande en boucle 
fermde comprenant des moyens pour gdndrer un 
signal de rdtroactbn de position lid ^ la position de 
la charge. 

10 16. Moteur diectrique (100) selon ta revendication 15, 
caract6ris6 par des moyens (252) pour gdndrer un 
signal de retroaction de position lid ^ la position de 

la charge. 

IS 17. Moteur diectrique (100) selon la revendication 1, 
caractdrisd par : une couche de matdriau isolant 
(164) sur laquelle sont formds des conducteurs 
diectrtques, le stator (112) dtant lid de manidre fixe 
k la couche et dans Iequel le moteur diectrtque 

20 (100) comprend en outre un transducteur pidzo- 
diectrique (146) dtsctriquement connectd aux con- 
ducteurs et disposd entre I'ensemble de rotor (130) 
et la couche de matdriau isolant (164), ledit trans- 
ducteur pidzo-dlectrique (146) r6agissant au flux 

25 d'dnergie diectrique pour toumir une pression audit 
ensemble de rotor (1 30), fournissant ainsi une force 
de freinage audit ensemble de rotor (1 30). 

18. Procddd pour commander un moteur diectrique 
30 destine k entratner une charge, le moteur diectrique 

(100) ayant un ensemble de stator (110) et un en- 
semble de rotor (1 30) en rotation par rapport k I'en- 
semble de stator, le procddd dtant caractdrlsd par 
les dtapes consistant k : 

3S 

prdvoir une surface de freinage (224) ; 
pourvoir I'ensemble de stator d'un centre de 
permdabilitd magndtique "D", ddcald de son 
centre diectromagndtique "E" ; 

40 alimenter I'un des deux ensembles avec au 

moins un signal diectrique variable sensible- 
ment en continu de maniere k produire une for- 
ce axiate entre les deux ensembles pour dloi- 
gner I'ensemble de rotor (1 30) de la surface de 

45 freinage (224) et k produire une force de rota- 

tion destinde k faire tourner I'ensemble de rotor 
k une position souhaitde ; et 
cesser d'allmenter cet ensemble de manidre k 
permettre k I'ensemble de rotor de venir contre 

so la su rf ace de f re inage (224) pou r mainten i r Ten - 

semble de rotor k I'emplacement souhaitd. 

19. Procddd selon la revendication 18. caractdrlsd par 
les dtapes consistant k : 

55 

gdndrer un signal de position angulaire reprd- 

sentant la position souhaitde ; 

gdndrer un signal de rdfdrence reprdsentant 
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une deuxidme position ; 
prdvoir une plage de positions comprenant la 
position soiihait^e, la plage de positions 6tant 
representative de la plage d'insenslbilitd du 
moteur ; s 
traiter les signaux pour obtenir un signal traits 
et empScher la rotation de I'ensennble de rotor 
de la position souhaitde k la deuxi^me position 
lorsque la deuxi^me position est dans la plage 
sur la base du signal traits. 10 

20. Proc6d6 pour monter un nnoteur miniature (100), 
destind k faire tourner avec precision une charge k 
une position angulaire souhait^e en r6ponse k un 
signal de d^tecteur, sur un substrat sur lequel sont is 
formes des conducteurs ^lectriques, le proc6d6 
comprenant les stapes consistant k : 

former un noyau statorlque k partir d'une plu- 
rality de tdleries, le noyau statorique ayant une 20 
plurality de lobes (214) ; enroulerau moins une 
bobine autour d'un lobe du stator associ^, tadi- 
te au moins une bobine ayant une paire de fils 
conducteurs ; et caractdrisd par les dtapes con- 
sistant k : 25 
prevoir des moyens de connecteur de bobine 
positionn^s entre le moteur et le substrat, les 
moyens de connecteur de bobine comprenant 
une plurality de terminaisons (188) ; 
connecter electriquement les fils conducteurs 30 
de ladite au moins une bobine k une terminai- 
son associee des moyens de connecteur de 
bobine ; 

lier de maniere fixe les moyens de connecteur 
de bobine (118) au substrat de manifere ^ ce 35 
que les moyens de connecteur de bobine 
soient electriquement couples aux conducteurs 
yiectriques ; 

magnytiser un aimant permanent (1 34) avec un 
flux magnytique ayant une amplitude qui varle 40 
de maniere sensiblement sinusoidale avec la 
position angulaire, I'aimant entourant le noyau 
statorlque ; et 

pryvoir un rotor (1 30) comprenant I'aimant per- 
manent entourant le noyau statorique pour etre ^ 
en rotation par rapport k celui-ci, en ryponse k 
un signal yiectrique variable sensiblement en 
continu appliquy aux conducteurs ytectriques. 
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